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ABSTRACT 

A  dsecription  of  an  lnbore  velocity  measuring  technique  using  contact 
switches  is  given.  Reliability  and  accuracy  requirements  are  discussed 
and  typical  field  results  are  given. 
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1.  INTRODUCTION 


The  measurement  of  muzzle  velocity  of  saboted  projectiles  launched 
from  large  caliber  guns  at  elevations  greater  than  TO  degrees  is  difficult 
because  of  problems  in  the  placement  and  operation  of  conventional  velocity 
measuring  equipment.  In  the  current  High  Altitude  Research  Project 
(HARP),1  ^  for  example,  the  muzzle  of  the  75  caliber  l6-inch  gun  (Figure  l) 
at  85  degrees  elevation  is  over  100  itet  high.  This  is  a  formidable  height 
from  which  to  obtain  accurate  time -position  data.  Moreover,  HARP  firings 
are  conducted  over  a  vide  range  of  weather  conditions,  seasons,  geographic 
locations,  and  times  of  day.  Weather  conditions  vary  from  100  degrees  in 
the  shade  in  the  tropics  to  below  freezing  temperatures  in  the  arctic,  and 
from  a  clear  dry  day  to  a  condition  where  the  firings  are  scheduled  between 
successive  line  squalls.  It  is  important  that  the  data  be  available 
immediately  after  firing,  since  the  velocity  information  is  sometimes 
required  for  planning  the  next  round. 

Consideration  has  been  given  to  adapting  some  of  the  standard  velocity 
measuring  techniques  to  meet  the  conditions  imposed  by  the  HARP  guns.  Some 
of  the  more  obvious  disadvantages  of  these  techniques  are  listed: 

a.  The  Solenoid  Chronograph  System  would  require  the  construction 
of  a  high  tower  to  support  a  cage -like  structure  used  to  position  the  coils 
along  the  projectile's  trajectory.  Such  a  tower,  approximately  PCX)  feet 
high  and  of  adequate  strength  to  withstand  the  muzzle  blast  and  the  natural 
environment,  would  be  very  expensive.  There  would  also  be  a  high  proba¬ 
bility  that  the  sabot  parts  would  strike  the  coils  or  supporting  structure. 
Damage  to  the  coils  and  structure  would  create  a  formidable  maintenance 
problem. 

b.  With  smear  camera  techniques  the  requirements  for  a  long 
focal  length  lens,  for  a  precise  knowledge  of  the  magnification  factor  of 
the  camera  system,  for  precise  control  of  the  film  speed  under  adverse  field 
conditions,  f  ;id  for  adequate  auxilliary  illumination  in  poor  weather  and  at 

- 

Superscript  numbers  denote  references  which  may  be  found  on  page  ?6. 
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FIG.  1  -  The  16-inch  HARP  Gun  at  Barbados,  W.  I. 
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night,  impose  too  many  difficulties.  In  addition,  the  velocity  measurement 
would  not  he  immediately  available;  it  could  only  be  obtained  after  develop¬ 
ing  and  reading  the  film. 

c.  Doppler  radar  velocimetera  have  worked  more  or  less  satis¬ 
factorily  with  the  5"inch  HARP  gun  (Figure  2).  However,  the  radar  mutt 
operate  through  a  region  of  expanding  powder  gases  and  ionized  flame  within 
which  ip.  an  array  of  sabot  parts  often  equivalent  in  mass  to  that  of  the 
missile  (Figure  3).  The  cumulative  effects  of  these  disturbances  tend  to 
cause  the  radar  to  lose  track  of  the  missile.  Also,  the  Doppler  velocimeter 
is  weather  sensitive  and  may  not  produce  good  data  under  ad^rse  weather 
conditions. 

This  report  discusses  an  attractive  alternate  to  these  conventional 
velocity  measuring  techniques:  the  inbore  velocity  probe. 

2.  DESCRIPTION  OF  AN  INBORE  VELOCITY  MEASURING  PROBE  SYSTEM 

The  proposed  technique  for  establishing  distance-time  data  for  the 
projectile  involves  inserting  a  set  of  contact  type  probes  into  the  wall  of 
the  gun  tube.  Each  probe  acts  as  a  mechanical  switch  the  contacts  of  which 
are  closed  as  the  leading  edge  of  the  projectile  or  sabot  deforms  the  probe. 
Distance  data  are  obtained  from  the  measurements  of  the  positions  of  the 
probe  holes  in  the  gun  tube.  The  transient  voltages  generated  by  closing 
the  switches  are  used  to  activate  the  stop  gates  of  a  group  of  time  inter¬ 
val  counters  that  have  been  started  simultaneously  at  time  T  minus  zero. 

2.1  Mechanical  Features  of  the  System 

The  discussion  of  the  mechanical  instrumentation  concerns  the  probe 
design  and  modifications  to  the  gun  tube.  Two  types  of  probes  were 
developed.  Both  types  will  be  described,  although  type  1  is  no  longer  used 
in  the  HARP  guns. 

The  first  HARP  gun  to  use  this  velocity  measuring  system  was  the 
5-inch  gun.  The  muzzle  velocity  was  approximately  5000  ft/sec.  Probe 
type  1  was  designed  for  this  gun  system  (Figure  4).  A  six  inch  base  line 
was  selected,  so  that  distance  tolerances  of  not  greater  than  +  0.03  inches 
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FIG.  2  -  A  pair  of  5-inch  HARP  Guns  in  Battery  at  Wallops  Island,  Va. 


Round  Crystal,  Distance  from  the  Muzzle,  120  feet- 


CONTACT  PROBE 


PROBE  TYPE 


were  required  to  obtain  an  accuracy  within  +  1  percent.  (All  of  the  HARP 
guns  have  used  smooth  bore  type  tubes.)  Data  obtained  with  this  type  of 
probe  were  less  satisfactory  as  the  velocity  of  the  round  was  increased. 

Some  probe  switches  would  close  early,  that  is,  before  the  round  arrived. 
There  was  definite  evidence  that  closure  occurred  somewhere  in  the  region 
between  the  shock  wave  and  the  front  edge  of  the  round.  It  is  suspected 
that  this  type  of  malfunction  is  caused  by  some  phenomena  associated  with 
either  the  shock  wave  in  the  launch  tube  or  powder  gases  Jetting  past  the 
missile  when  obturation  failure  occurs. 

To  improve  reliability,  Velocity  Probe  type  2  (Figure  5)  was  designed. 
The  length  of  the  base  line  was  increased,  and  the  probe  holes  were  re¬ 
located.  The  holes  were  now  in  groups  of  two  or  three  on  opposite  sides  of 
the  gun  tube.  Figure  6  shows  the  latest  modifications  to  the  launch  tube. 

All  probes  are  inspected  by  X-ray  photography  (Figure  7)  before  use.  The 
cost  of  the  probes  has  varied  between  $1.30  and  $2.00  each  for  lots  of 
500. 

After  every  round  the  deformed  probe  must  be  replaced.  On  the  l6- 
inch  gun  it  is  a  simple  matter  to  crawl  inside  the  gun  and  drive  the  probes 
out  with  a  light  blow  of  a  hammer  on  a  drift  pin.  For  smaller  guns  the 
following  technique  has  been  used: 

a.  Remove  retainer  bolt  (Figure  6). 

b.  Pull  out  contact  drill  rod  (Figure  5)  with  pliers. 

c.  If  plastic  insert  does  not  come  out  with  the  wire,  drill  it  out. 

d.  Insert  "Easy-out”  into  the  brass  housing,  twist  and  pull. 

For  the  5  and  7- inch  guns  the  probes  have  been  replaced  while  the  gun 
is  in  elevated  position.  This  operation  has  been  done  from  the  bucket  of 
a  High  Ranger  ( Cherry -picker ) .  The  l6-inch  gun  is  depressed  for  loading 
the  round.  Probes  are  changed  at  this  time.  It  takes  from  5  to  10  minutes 
to  complete  the  operation. 

When  the  gun  is  being  fired  and  the  probes  are  not  being  used,  the 
probe  holes  should  be  plugged.  Excessive  erosion  of  the  gun  tube  on  the 
muzzle  side  of  the  holes  will  occur  if  the  holes  are  not  properly  closed. 
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LOCATION  OF  VELOCITY  PROBE  H0LES-I6"GUN 
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fig.  r  X-RAY  OF  THE  PROBE  SWITCH 


FIG.  •  PROBE  CIRCUIT 


FIG. 9  START  CIRCUIT  FOR  PROBE  COUNTERS 
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With  proper  operation,  the  use  of  the  probes  should  not  cause  excessive 
wear  of  the  gun  tube. 

2.2  Electronic  Instrumentation 

The  availability  of  ICO  and  10  megacycle  time  interval  counters,  with 
low  threshhold  voltages  and  low  input  impedances,  which  are  designed  to 
accept  pulses  with  fast  rise  times  simplifies  the  problem  of  developing  the 
time-position  pulse.  A  typical  specification  for  a  counter  with  10 
nanosecond  resolution  has  a  minimum  trigger  pulse  requirement  of  3  volts 
peak,  0.5  volt/nanosec  rise  time,  5  nanosec  pulse  width,  and  an  input 
impedance  of  50  ohms.  The  10  megacycle  counter  has  less  critical  require¬ 
ments.  The  circuits  used  to  meet  these  requirements  are  shown  in  Figure  8. 
The  observed  rise  time,  using  100  feet  of  RG  58U  cable  and  recording  on  the 
Tektronix  5^5  oscilloscope,  is  approximately  1  volt/nanosec  and  the  poten¬ 
tial  reaches  70  volts  in  less  than  100  nanosec.  Threshold  voltage  is 
reached  in  .less  than  10  nanosec.  To  avoid  difficulties  from  cross  talk 
between  lines  and  from  spurious  signals  that  may  be  generated  by  a  wide 
variety  of  equipment  used  on  the  same  test,  the  circuits  were  completely 
isolated  and  batteries  were  used  as  a  power  source.  Counters  are  started 
simultaneously  in  parallel  at  ignition  time  of  the  gun,  T-0.  The  circuit 
used  to  start  the  counters  (Figure  9)  is  the  same  as  a  probe  circuit 
except  that  the  probe  switch  is  replaced  by  the  contacts  of  a  relay  that 
is  energized  at  T-0.  The  probes  produce  only  the  stop  pulses.  To  avoid 
any  errors  due  to  signal  transmission  time  over  the  lines,  coaxial  cables 
are  all  cut  to  the  same  length.  The  neon  glow  lights  indicate  that  the 
probe  wires  are  not  shorted.  This  set-up  is  stable  in  standby  condition 
and  remains  operative  without  attention  during  occasional  "holds". 

3.  ACCURACY  REQUIREMENTS 

The  selection  of  equipment,  length  of  base  line  and  electronic 
circuitry  is  predicated  on  reliability  and  accuracy  requirements.  Muzzle 
velocity  data  should  be  accurate  to  within  +  1  percent  to  be  useful  in 
data  analysis  of  high  altitude  research.  A  1  percent  difference  in  muzzle 
velocity  may  give  a  10,000  foot  variation  in  apogee.  If  equal  percentage 


17 


errors  are.  allocated  to  distance  and  time,  then  each  must  be  accurate  to 
within  +  l/2  percent.  Although  both  100  and  10  megacycle  counters  have 
been  used,  the  instrumentation  was  planned  for  the  latter.  Thus  the  minimum 
time  base  for  99*5  percent  accuracy  would  be  200  times  the  resolution  of 
the  counter  or  20  microseconds.  The  minimum  base  line  at  a  typical  velo¬ 
city  of  5000  ft/sec  would  be  1.2  inches j  this  length  baseline  would  require 
locating  both  the  mechanical  svitches  and  the  active  surface  of  the  sabot 
face  that  closes  the  switches  to  tolerances  of  0.006  inch.  While  this 
tolerance  should  not  be  considered  difficult  in  machine  shop  practice, 
longer  base  lines  were  selected  to  permit  larger  tolerances,  particularly 
for  that  part  of  the  sabot  that  deforms  the  switch.  It  is  not  only  necessary 
to  hold  this  tolerance  in  the  lathe  but  also  after  the  missile  and  sabot 
have  traveled  50  to  100  feet  in  the  gun  tube  under  pressures  that  accele¬ 
rate  them  to  5000  ft/sec.  Therefore  the  baseline  was  increased  by  a 
factor  of  five;  i.e.,  to  six  inches. 

The  baseline  was  later  increased  to  nine  inches  on  the  5  and  7 -inch 
guns.  For  the  l6-inch  gun,  a  two  foot  baseline  */ns  used,  partially  be¬ 
cause  the  sabots  were  made  from  plywood  and  it  was  felt  that  tolerances  of 
l/8  inch  might  be  more  reasonable.  Under  these  conditions,  the  distance 
error  is  3  to  10  times  the  time  error. 

k.  PROBLEM  AREAS  AND  SYSTEM  RELIABILITY 

The  probe  method  for  measuring  velocities  in  the  bore  of  the  gun  has 
been  used  with  varying  degrees  of  success  by  previous  experimenters,  seme 
of  whom  have  recorded  the  details  of  their  techniques  and  experiences 
(Reference  5).  Various  explanations  have  been  given  why  this  simple  device, 
presumably  foolproof,  fails  to  provide  velocity  data  consistently. 

A  discussion  of  some  possible  causes  of  failure  and  comments  on  how 
these  causes  may  apply  to  HARP  guns  will  be  given  in  this  section. 

Corrective  measures  and  modifications  of  techniques  that  were  made  to 
improve  reliability  will  also  be  discussed. 
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4.1  Shock  Waves  In  the  Launch  Tube 

The  motion  of  the  projectile  In  the  launch  tube  creates  a  disturbance 
in  the  fluid  ahead  of  the  projectile.  A  shock  wave  is  propagated  and  the 
Mach  number  of  the  flow  is  dependent  on  projectile  velocity.  At  low 
velocities,  below  4000  ft/sec,  this  shock  has  not  presented  any  problems. 

At  high  velocities,  both  electrical  and  mechanical  problems  do  exist. 

The  fluid  in  the  region  between  the  projectile  and  the  shock  front  is  at 
a  high  temperature  and  in  an  ionized  state.  This  ionized  gas  may  initiate 
current  flow  across  any  open  switch  type  probe  located  in  the  flow.  The 
mechanical  problem  arises  from  the  possibility  that  the  central  wire  of 
probe  type  1  may  be  pushed  against  the  ground  point.  In  either  case,  a 
voltage  transient  is  generated  that  does  not  define  a  known  location  of 
the  missile  in  the  launch  tube  within  the  required  tolerances.  The  adverse 
effects  of  the  shock  waves  have  been  observed  experimentally  at  velocities 
above  t'000  ft/sec,  although  the  experiments  did  not  actually  show  whether 
the  transient  voltage  associated  with  the  shock  was  developed  by  an 
electrical  or  mechanical  shorting  of  the  probe.  The  precise  velocity  at 
which  the  shock  wave  begins  to  be  a  problem  is  not  well  defined,  but  the 
effects  depend  on  the  precautions  taken  by  the  operator.  Some  techniques 
used  to  improve  reliability  of  operation  under  adverse  conditions  due  to 
strong  shock  formation  are:  using  low  voltages  with  low  impedance  circuits 
and  high  currents  in  developing  the  voltage  transient;  coating  the  probes 
with  silicone  grease;  evacuating  the  launch  tube;  and  using  a  completely 
covered  probe  such  as  probe  type  2. 

4.2  Leakage  of  Powder  Gases  Past  the  Sabot 

Poor  obturation  due  to  inadequacy  of  or  damage  to  the  gas  seal  permits 
the  high  temperature  powder  gases  to  blow  by  the  sabot,  eroding  some  of  the 
rabot  material.  These  sabot  particles,  as  chunks  of  metal,  plywood,  plastic, 
rubber  and  vaporized  metal,  are  carried  ahead  of  the  projectile  by  the  high 
velocity  jet  of  powder  gases.  This  can  cause  premature  development  of  the 
voltage  transient  from  either  electrical  or  mechanical  shorting  of  the  probe 
switch.  Probe  type  2,  (Figure  5),  which  is  completely  inclosed,  is 
obviously  less  subject  to  problems  of  „his  type. 
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4.3  High  Contact  Resistance  of  the  Probe  Switch 


Oscillograph  measurements  have  shown  that  the  contact  resistance  of 
the  closed  switch  Is  negligible.  However,  even  under  adverse  conditions, 

If  It  were  as  high  as  50  ohms  the  transient  voltage  would  still  reach  the 
threshold  level  of  the  counters  within  the  resolution  time.  One  precaution 
taken  to  keep  the  contact  resistance  low  was  to  design  the  probe  so  that 
the  contact  surfaces  were  replaced  after  each  round.  This  feature  was 
Incorporated  In  probe  types  1  and  2. 

4.4  Poor  Dimension  Control  of  the  Front  Surface  of  the  Sabot 

The  active  surface  area  of  the  sabot  used  in  closing  the  probe  switch 
is  a  ring,  with  an  outer  diameter  equal  to  the  bore  diameter  of  the  launch 
tube  and  a  width  equal  to  the  insertion  depth  of  the  probe  in  the  gun  tube. 
The  plane  of  the  ring  surface  should  be  normal  to  the  motion  of  the  pro¬ 
jectile.  Some  spin  may  be  imparted  to  the  sabot  and  it  is  not  possible  to 
predict  exactly  where  on  the  sabot  ring  surface  the  impacts  of  the  probes 
will  occur. 

In  the  l6-inch  gun,  a  two  foot  base  line  is  used  for  the  velocity 
measurement.  Thus,  for  99.5  percent  accuracy,  those  surfaces  on  the  sabot 
that  deform  the  probes  must  lie  within  +  l/8  inch  of  the  ring  area  which  in 
turn  must  be  normal  to  the  motion  of  the  missile  to  within  l/2  degree. 
Tolerances  as  liberal  as  these  should  be  held  with  ease  even  though  sabots 
cure  manufactured  from  plywood.  However,  the  sabots  are  in  four  or  six  parts 
and  any  axial  shifting  can  negate  the  efforts  of  the  machinist.  Not  only 
must  the  tolerances  be  held  in  manufacture  and  loading,  but  also  after  the 
missile  has  traversed  100  ft  of  launch  tube  and  attained  velocities  in 
excess  of  5000  ft/sec. 

Irregularities  in  the  gun  tube  can  broach  grooves  in  the  sabot  at  the 
switch  contact  area.  Balloting  of  the  missile  package  in  the  tube  can  cause 
uneven  wear  on  the  front  of  the  sabot.  Some  recovered  pusher  plates  have 
been  worn  asymmetrically,  indicating  tilting  of  several  degrees.  Data 
obtained  subsequent  to  a  round  that  broke  up  in  the  gun  always  show  poor 
consistency. 
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A  round  that  breaks  up  in  the  gun  barrel  during  the  launch  often 
gouges  holes  and  raises  burrs  which  can  broach  slots  in  the  sabots  of 
subsequent  rounds,  A  partial  remedy  for  this  condition  is  to  increase  the 
probe  depth  and  refinish  the  bore  of  the  gun.  However,  success  in  measuring 
velocity  depends  mainly  on  the  proper  functioning  of  the  sabot. 

4.5  Electronic  Problems 

Inoperative  counters,  broken  cables,  loose  connections,  all  contribute 
to  failure.  All  of  these  causes  of  failure  to  obtain  satisfactory  data 
have  been  observed  and  identified  at  some  time  in  the  firings  of  various 
type  guns,  though  in  some  cases  the  evidence  might  be  considered  circum¬ 
stantial.  Even  though  the  instrumentation  shack  is  less  than  150  feet  from 
the  muzzle  of  the  16-inch  gun,  the  muzzle  blast  has  presented  no  real 
problems.  The  only  solution  to  the  other  electrical  problems  is  to  have  a 
redundancy  of  equipment  and  a  program  of  periodic  testing.  The  counters 
are  checked  by  providing  parallel  start  and  stop  pulse  to  all  counters  and 
checking  an  arbitrary  but  equal  time '  interval  reading  on  all  units. 

5.  RESULTS 

Probe  velocity  measurements  on  some  firing  programs  have  had  a 
deviation  of  less  than  0.5  percent  from  the  mean  value.  There  were  not  too 
many  opportunities  to  check  data  against  velocity  measurements  obtained  from 
a  ballistic  range  or  other  precision  facility.  Velocities  obtained  from 
range  data  and  computed  back  to  the  muzzle  are  slightly  higher  than  the  probe 
velocities.  Some  small  acceleration  is  given  to  the  missile  in  the  region 
just  ahead  of  the  muzzle.  Another  check  on  accuracy  is  provided  by  the 
Doppler  radar,  which  obtains  data  some  200  to  300  feet  from  the  muzzle.  A 
third  check  can  be  obtained  by  computing  the  muzzle  velocity  necessary  to 
reach  an  apogee  computed  from  data  obtained  from  theM-19  radar  altitude 
plots.  Results  from  various  firings  ore  listed  on  thr-  following  page. 


5.1  Seven -Inch  HARP  Gun 
Date:  May  1964 

Velocity  Probe  Base  Line:  9  inches 
Velocity  Probe  ltype  :  1. 


Rd.  No.  Probe  Intervals 


6864 

1  -  2 

1717  ft/sec 

2  -  3 

1733  ft/sec 

3  -  4 

1744  ft/sec 

6865 

2678  ft/sec 

2695  ft/sec 

2714  ft/sec 

6866 

3501  ft/sec 

-  3524  ft/sec 

4380  ft/sec 

6867 

4335  ft/sec 

6868 

4351  ft/sec 

4359  ft/sec 

4386  ft/sec 

Note 


Vel.  §2  to  #4 


For  this  shoot,  no  corroborating  data  were  available.  The  increase  in 
velocity  shovn  would  be  expected  from  an  acceleration  of  the  range  of  1000 
to  2000  g.  This  is  not  incompatible  with  the  interior  ballistics  calcu¬ 
lations  for  this  shoot.  On  another ‘shoot  with  the  7- inch  gun,  only  nine  of 
15  possible  probe  velocity  measurements  were  good.  Analysis  of  the  data 
indicated  that  at  the  higher  velocities  some  probes  were  shorted  by  the 
shock  wave  ahead  of  the  missile. 


5-2 

Sixteen-Inch 

HARP  Gun,  Fired 

at  Barbados, 

B.W.I. 

Date:  March  1965 

Velocity  Probe  base  line:  2 

Velocity  Probe  Type:  2. 

feet 

Percent 

Radar 

Rd. 

No .  Probe 

1-2 

Intervals 

2  -  3 

Average 

Velocity 

Deviation 

Apogee 

Kilofeet 

1 

5433  ft/sec  5432  ft/sec 

5430  ft/sec 

i/2 

322 

2 

5750 

5600 

5675 

1  1/2 

365 

3 

4950 

4930 

4940 

1/2 

259 

4 

6390 

569O 

60  40 

6 

389 

5 

5400 

4500 

- 

- 

427 

6 

5019 

- 

5020 

- 

283 

7 

5430 

4580 

- 

- 

- 

8 

- 

- 

- 

- 

- 

9 

3721 

3847 

3785 

1.7 

- 

10 

5790 

5788 

5790 

1/2 

278 

11 

5821 

5823 

5820 

1/2 

389 

12 

5742 

5772 

5755 

1/2 

384 

13 

6355 

- 

- 

- 

- 

14 

5148 

4973 

5060 

22 

2 

Three  rounds,  Nos.  7,  8,  and  13  of  the  preceding  group,  broke  up  in  the 
gun  tube.  The  velocity  probes  vill  not  function  properly  when  this  happens. 
On  eight  rounds  the  deviation  was  less  than  2  percent;  on  two  rounds  the 
deviation  was  greater  than  2  percent.  On  one  round,  only  one  velocity 
measurement  was  obtained  and  this  velocity  was  in  agreement  with  the  velocity 
computed  from  apogee  data.  The  agreement  between  radar  apogee  data,  muzzle 
probe  data  and  the  computed  altitude  data  for  a  range  of  muzzle  velocities 
are  given  in  Figure  10. 

Two  observations  on  the  performance  of  probes  can  be  made  from  this 
shoot.  First,  deviation  was  greater  on  the  shots  with  higher  pressures. 

This  is  probably  due  to  greater  deformation  of  the  sabot  edge.  Second,  data 
on  rounds  subsequent  to  a  round  that  breaks  up  in  the  gun  tube  will  have 
greater  deviation  than  normal.  This  could  be  caused  by  the  scoring  or 
gouging  of  the  gun  tube  by  the  disintegrated  round.  For  each  gouje  in  the 
tube  there  is  very  often  a  corresponding  burr  which  in  turn  broaches  the 
sabot. 

5.3  Five-Inch  HARP  Gun,  Fired  at  Wallops  Island 
Date?  August  1965 
Velocity  Probe  base  line:  9  inches 
Velocity  Probe  Type:  2. 


Rd.  No. 

Doppler 

Velocity 

Probe 
2  -  3 

Intervals 

3  -  4 

Average 

Probe 

Velocity 

Percent 

Deviation 

2390 

- 

5040 

5057 

5048 

0.16 

2391 

5155 

5119 

5081 

5100 

0.39 

2392 

^569 

5133 

5099 

5116 

0.33 

2393 

- 

501k 

5074 

5074 

0.00 

239^ 

50b0 

5092 

5074 

5083 

0.18 

2395 

- 

5100 

5100 

5100 

0.00 

2396 

5120 

5133 

5162 

5148 

0.29 

2397 

5035 

5078 

5027 

5052 

0.51 

Actually 

four  probes 

were  used  for  this 

shoot.  The  counter  used  with 

probe  No.  1  was  inoperative.  To  date,  the  above  table  reflects  the  best 
results  obtained  with  the  probes. 


APOGEE  KILOFEtT 


APOGEE  VS  MUZZLE  VELOCITY 


FIG.  10 


6.  CONCLUSIONS 


The  inbore  probe  technique  is  capable  of  producing  good  velocity  data. 
However,  it  places  severe  requirements  on  the  gun  and  sabot  if  reliable 
data  are  to  be  obtained.  Probably  the  most  difficult  part  of  the  technique 
is  to  assure  that  the  area  of  the  sabot  that  deforms  the  probes  lies  in  a 
plane  that  is  normal  to  the  direction  of  motion  of  the  round.  The  reason 
that  the  data  from  the  5- inch  gun  are  better  than  the  data  from  the  16- 
inch  gun  is  simply  that  the  sabots  are  mainly  of  metal  rather  than  plywood 
and  that  tolerances  and  clearances  are  much  smaller. 

For  future  firings  in  which  the  inbore  velocity  measuring  system  may 
be  used,  it  is  suggested  that  the  gun  tube  contain  six  probe  positions  and 
that  at  least  seven  counters  be  available. 


WALTER  F.  BRAUN 
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